It is shown that for the normal paraffin hydrocarbons, and for carbon and hydrogen atoms in the normal state, the energy evolved in the reaction C (gas) + 2H(gas) + C w H 2n+2 (gas)=C n+ iH 2n+ 4 (gas), for n>5, at Kelvin, is -AH%= (20.8 ±0.9) + D co k-cali 5 (6) on pentane, no data on the heats of combustion of the gaseous paraffin hydrocarbons above methane were reported during the half century following Thomsen 2 The values given by Kharasch (9) for methane, ethane, propane, and butane are based on the calorimetric data of Thomsen (3 (1) where Qc is the heat of combustion of a gaseous normal paraffin hydrocarbon containing n carbon atoms, B is the constant increment per carbon atom or CH 2 group, and A is a constant. This relation may be expressed also as (Qc-A)/n = B (2) The following are the data recently obtained in this laboratory (1) on the heats of combustion of the gases at a temperature of 25 C and a constant total pressure of 1 (11) to give the energy of the reaction at a pressure of 1 atmosphere. After From the data displayed in figure 1 , one can say that the heat of combustion of any gaseous normal paraffin hydrocarbon containing more than 5 carbon atoms is given by the following relation:
For n)5 (a) The desired changes in heat content are those for the reactions C (0-graphite) + 2 (gas) = C0 2 (gas) (6) and C (diamond) + 2 (gas) = C0 2 (gas) (7) at a temperature of 25 C and a constant pressure of 1 (8) is used in this paper.
The data of Roth and his coworkers yield for the transition C(jS-graphite) = C(diamond), AH°2w.i = 0.22 ± 0.07 k-cal 15 per mole. (9) Hence to be consistent with equation 8 one must use for the reaction given by equation 7 AH°298.i= -94.46 ± 0.10 k-cali 5 per mole. (10) Combination of equations 5, 6 , and 8 with the values for the heats of combustion of the normal paraffin hydrocarbons yields for the reaction, 7iC(/3-graphite) +(ti +1)H 2 (gas) = C ra H 2wf2 (gas), (11) Afl°288 1 = QC29& 1-71(162.55 ± 0.10) -(68.313 ± 0.010) k-cali5 per mole. (12) Here Ai? 29 8 .i is the increase in heat content for the reaction of forming the normal gaseous paraffin hydrocarbon from /3-graphite and gaseous hydrogen, Qc 2 qs.i is the heat evolved in the combustion of the hydrocarbon gas at a temperature of 25 C and a constant total pressure of 1 atmosphere, and n is the number of carbon atoms in the hydrocarbon molecule.
For n > 5 AHVi = -(7.913 ± 0.010) -n(5.55 ± 0.13) k-cal 15 per mole. (13) With diamond as the standard state for carbon the analogous equations are: 7iC (diamond) + (7i+l)H 2 (gas) = C n H 2n+2 (gas), (14) AHVi = Qcm.i -71(162.77 ±0.10)-(68.313 ± 0.010) k-cali 5 per mole; (15) and for ti>5, Afl°298.i =~( 7.913 ± 0.010) -w(5.77 ± 0.13) k-cal 15 C"H2n+2 (gas) 7iC(/3-graphite)+(n+l)H2 (gas) = C"H2"+2 (gas) «C (diamond) 4-(7i-f-l)H2 (gas) = C"H2"+2 (gas) Tables (16) ; that for hydrogen from Giauque (15) ; that for methane from Kassel (17) ; and those for the normal hydrocarbons above methane from unpublished calculations by Kassel (18) . -(#°298.i-#°o) [Cja 2 »+2 (gas)] k-calis per mole, (17) and for n > 5 AH°= - (7. 335 ± 0.032) -ti(4.03± 0.14) k-cal 15 per mole. (18) For the reaction given by equation 14 A#°= fegg.! -71(160.63 ± 0.10) -(66.290 ± 0.010) -(#Vi-#°o) [C w H 2ra+2 (gas)] k-cal 15 per mole, (19) and for n > 5 AH°= -(7.335 ±0.032 }-»(4.38± 0.14) k-cal 15 per mole (20) The values calculated from these equations are given in table 2. IV. CHANGE IN HEAT CONTENT FOR THE REACTION: nCO (gas)+(n+l) H 2 (gas)=n/2 2 (gas) + C ra H 2w+2 (gas)
From data obtained in this laboratory (1) That is to say, (Zto)°o=Wi, (26) where (Da) (24) deduced that the binding force of a " primary" C-H linkage {a l above) is greater than that of a " secondary" C-H linkage (a 2 above) by about 3.2 percent and greater than that of a " tertiary " C-H linkage (o 3 in the above notation) by about 5.6 percent.
By means of calculations involving potential energies, Eyring (26) has computed that a C-H bond in methane becomes progressively weaker as the other hydrogen atoms are replaced by methyl groups.
In our notation, Eyring found that the successive differences between a , a u a 2 , and a 3 were about 3.1 kilocalories.
If the bonds at the ends of the normal paraffin molecule are considered, as indicated above, to be different from the other bonds, then the addition of 1 carbon atom and 2 hydrogen atoms to C w H 2n+2 corresponds to the creation, at or near the middle of the molecule, of 1 C-C bond and 2 C-H bonds. And since the experimental data indicate that the energy of this process is constant for values of n greater than 5, one can conclude that, within the accuracy of the data, there is no interaction, with regard to energy between C, H groups that are separated by 2 or more carbon atoms. In other words, the methyl group at the end of the chain of carbon atoms has a sphere of influence that includes the C, H group twice removed from it.
For the reaction of adding 1 carbon and 2 hydrogen atoms to any normal paraffin hydrocarbon above pentane to form the next higher normal paraffin hydrocarbon one finds from equation 31 that, when n > 5, for the reaction, C (gas) + 2H (gas) + CJB 2/H _ 2 (gas) = C w+1 H 2n+4 (gas), (34) the energy evolved at degree K is -Ai7°= (-23 
